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SECTION 1 
1NTROOOCT ION 
T?!a, purpore o f  t h i s  rarport 1% t o  p r o v ~ d r ,  Phformat~on  on the 
a b ~ o c t i v e s ,  m a t b r i r l s  8nd methods, rrrd s t s t u s  o f  s t a t i s t i c a l  
r n r l y w i r  o f  ICRISAT t r r . 1 ~  involving compasi t e a  4nd v r r r e t i e +  ot 
pear 1 m i l l e t .  The dacunrvnt+tran o f  t h i s  i n f ~ r m & t ~ a r \  m a l l  aid 
r n t a r p r e t b t i a n  rnd  combined r n a l y s s r  a f  prev ious r rperrn. r r t%. 
Thv 56 t r ~ a l a  mumm#rired r prws875tlrd i n  s i x  g raups  
according t o  the n r t u r e  a f  the  exprr imrntm. T r r ~ l s  r x r a i n l n g  the 
genet i c  n a t u r e  o f  popu la t ions ,  8 l t a r n a t i v t  w l r c t l o n  methods, and 
r e a l i z e d  &'lrogr@salr from + ~ 1 ( i ~ t ~ t ) n  form the f i r s t  thrcbh QrOupC.  
The remaining graups c ~ r i r t , ~ s t  at  I n i t i a l -  and Advanced-Varrety 
T r r r l u ,  r nd  Compnrrtr Progwny ( E r s t  Progen ies)  T r rb l s .  
The o b j s c t i v a r ,  c n t r i r a  t a a t r d ,  rrrd years and l a c r t i o n s  i n  
wtiich wach t r i a l  wrs conducted r rn Dr(rrcrntad. A litrct of the  
locat ionl r  u%wc:l 4% @up@rimcsntbl s i t e 8  and t h r r r  & b b r r v r r t i o n s  r a  
p reaen tad  zr"\pprndik 1 .  Ths method b y  w h i c h  t h e  g e n e t i c  
mrt.rrri.1 wrs duvelaplrd 1. 41so presentad whlrn a v r i l r b l e .  Th is  
~ n f o r m a t ~ o n ,  however, was v r r  y s r r r c o ,  w i t h  only scant  records 
bmrng found ~n ( ~ u r t ~  sourcsr, 4 %  In-Houl ic  Raviswrli. lmprovsd 
d a c n m r n t a t r a n  o f  b o t h  t r i r lu ,  and  r a r c o m b i n a t r a n / p r o q r n y  
devetopment p l o t a  could b@ r r h l s v s d  b y  r o u t i n l r l y  i n c l u d i n g  pages 
An f i a l d  booko wharv i n fo rmat ron  rr rugg&%ted I n  Appendin 1 would 
be recordrd .  
Ths a c c u r r c y  o f  t r r s l s  and t h o  s t a t u s  o f  s t r l l t ~ s t ~ c a l  
rnrlysarr o f  t h e s t  t r l a l ~  i s  r r v i c w ~ d ,  w i t h  s p a t l r l  locus on the 
Compo&ita Bulk Trials. Thcsa asa@a%mants a re  reported a t  the and 
o f  th is  summary. 
Advanced Oen@rrtlor~ T r i a l s  
Ob~wrcttivels 
The advsnccd p e n e r a t i o n  t r l s l a c  astiessrad th@ l e v e l  o f  
i n b r e e d i n g  dr rprarss~on s f t e r  random m a t l n q  i n  ewper imenta1 
v r r i r t i e r  And p o p u l a t ~ o n  progenrcs. 
Oenetic materials 
The S y n a  en t r~a ra  were c o n s t i t u t e d  by d i r l l e l  mat ing o f  5 t o  
9 pragarniwr and bu l k l np  the r e s u l t l n p  reed. The Syno was open 
p o l l ~ n r t a r d  i n   soll la ti on w l t h  c u l l ~ n p  of about 5% of  p l a n t s  t o  
p r o d u o  t h e  Synl. 
7ri.1 Year l o c b t i o n  
Adrrrrod l3mtratiorr Tri .1 [AOT 1977 PHF HWI 
Advmced h e r a t i w  T r i b l - I  (WT-1) 1978 P W  HSR PMu 
CWvancd OHneratiun T r i a l - 1 1  ( A G T - 1 1 )  A970 PHF M M  PDN 
Ent r i tn  
1977 lGGT 
wf-CX75 SVNO, SYNl 
K - 5 1 4 7  SVNO, SYNl 
MC-3344 SYNO, 9YNl 
IVScAX75 SYNO, SYNl 
IVS-5034 SYNO, SYNl 
IVS-3427 SYNO, SYNI 
HC-CU 79  SYNO, SYNl 
nC-WBb SYNO, SYNl 
n f -3171  SYNO, SYNl 
LC-CX75 S Y W ,  SVNl 
LCL-3042 SVNO, SYNl 
LC-5242 SYNO, SYNl 
SSC-CX75 SYNO, SYNl 
SSC-SCI-26 SVIVO, SYNl 
SSC-SC2-153 SYNO, SYNl 
1970 407-1 197)3 AOT-I1 
UC-C73 SYNO, SYNl, SYN2 SSC-H7b BYNO, $YN1 
llC-3147 SYNO, SYNl, SYNZ, WC-876 BYNO, $YNI, 
WC-3546 SYNO, SYNl, SYN2, MC-P76 SYNO, SYN1, 
WC-3152 SYNO, SYNl, 6YN2, RF-A76 SYNO, SYNl, 
IVS-4473 SYW, SYNl, SYNZ, WC-C73 QYNO, BVNI, 
tVS-3043 SYNO, SYN1, SYN2, IVS-A79 SYNO, 8YN1, 
$SC-C73 SYNO, SYN1, SYN2, SSC-C79 SYNO, BYNl, 
SCl-5OZb SYNO, SVNI, SVN?, 
5C1-3106 SVNO, SYNI, SVN2, 
SC2-5153 SVNO, SYNl, SYN2, 
SC3-3048 SYNO, SVNl, SVNZ, 
HC-C79 SYNO, SYNl, SVNZ, 
Di.llel Tri.1 01 Composite &Ikm 1903 
The D s a l l a l  T r r a l  W ~ L  ~ n t w n d e d  t o  i d e n t r f y  h e t w r o t i c  
c o h b s n r t l o n r  among c o m p o s ~ t m r  c u r r e n t l y  undwrgoinq p o p u l a t i o n  
~mprovament a t  ICRISAT. 
, .--.- -.-.... .-r".l.-UI*-"lll.ll - 
G a l  yea r  L o c a t i o n  
D r r l l a l  T r ~ r l  o f  Composrto B u l k s  ( D T C B )  19B5 PHF BSR 
E n t r  iss 
NELC-C4 X IVC-C5 
NELC-C4 X flc-C7 
NELC-C4 W SAC-C2 
NELC-C4 X EGP-CO 
IVC-c5 x nc-c7 
IVC-CS X SRC-C2 
1VC-C5 X EGP-CO 
MC-C7 X SRC-C2 
MC-C7 X EGP-CO 






O b j e c t  avow rrrd t r i a l s  
Tt?r*ae t r i a l r r  ( 1 ~ s t r d  b a 1 0 ~ )  i n v e s t  ip&tecj d i f  ~ F ~ ~ C W I L  among 
&Iterni.r t ivw method9 for scI.c*c:tfng super ior  v a r ~ w f ~ ~ % ,  ~ O C  far 
ccnrrduclrrvg p a p u l & t ~ o f ?  improvcrmrnt. Tha N P E V  ec*pertmunt rtudiad 
the n r b o t l r t i o n  between numbwr o f  prrent6l lines ur.~rl i n  forming 
v + r ~ e t  r r a  w i t h  ttr. prr fCrr rn&nc@ o f  t h o s e  v&raetrranc. The 
t r saa , iG l l i t y  o l  I m p r o v i n g  v ~ \ r $ e t i ( t d l  by avafuating progenies 
dwrivmd from aa l f l ng ,  albblng, and test-cra~rinp n.9, e x . m r n r d  in 
ikV1' .  The to.a?cl:brlity and sf fsc tsvrncrrs  csf using grlddeg mroa 
re l crc tran  ( G f ' l S l ,  r e ? % t r r c t e d  r e c u r r e n t  pheno typ i c  selaction 
(RRPS) ,  fu l l - r ;sb (FS1,  and 52-progeny 1 tor  frnprovfng 
populat ian gwrfarrnanc~, per J r  r n d l o r  testcrtrmr, wart, crvrlurtwd i n  
P C T - I  &nd  W C S M B T .  T h w  4MflS t r A r 1  f ocuaad  solely an thlm 
frrsib~lity o f  mras + e l r c t r n g  f o r  Improved performance par ra a i  
p O p u l 6 t ~ o n ~ .  ' ? h i s  t r i . 1  c o m p r r e d  s e v a t r & l  l n t u f t t v r  and 
b~omar t r i c& l l y  d e r i v e d  r r l c c t ~ o n  tndicrr. GMS, 
RRPS, F6-,  8nd 52-selection orr the genet ic  v a r i r b a l ~ t y  rrrd l e v r l  
o f  inbraeding an the r a l s c t s d  popu14tronn ~ 4 %  tsstcd in PCT-11. 
I*.....xI. _I- -_I..- -.- -_1-1_- ,,---I- w.. 
T r i a l  Yeat  Locat ion 
No. Progeny t o  Producw E x p t .  Varaetrws (NPEV) 1979 PHF PLF 
Improved E x p t .  Varrctras T r i e l  ( I h V T 1  1979 Q4F PLF HSR 
ICAM WAD SAM 
Seln. Intensrty in N e w  Ear ly  Compoolts ( S I N E C )  1979 WF 
Popu l r t i an  Camparr%on T r i a l - I  ( P C T - I )  1979 W F  a 
Papul&t fon Camp~rr ron T r i a l - I f  (PCT-11) 1979 WF 
Warld Composite Seln Mrthod B u l k  l r ~ r l  (WCSMET) 1982 fWF 
Altern.t ivs Methods o f  Mars Se l r c t l on  ( A f l M 5 )  1 9 0 b  PHF HSQ ~ S R  
W e t i c  Materials 
0 WEV-1979 
20 mntr iek~ .  No information whs found describing the nature ot 
these e n t r ~ a s ,  so t h e  data arc  unanalys&blo. 
a IXVT  
Method oi Selec t ion  
' unselhcted varasty 









Each popul6tion nrm twstwd and rmdam mated 
bulk ,  self., rnd topcroasmm with WC-CO, I V S ,  
rnd 3111LI 
m K T - 1 1  
331 $1 progenims i n  total, with 61s derived from WC-CO, WC-OMS, 
WC-RUPS, WC-FS, snd WC-52. 
r, WGSMBT 
tkthadr 
RRPS, GMS, and FS crvrluat~ans werw conducted each k h r r ~ t  rt 
Patrncheru. 52-progcny rvr luatron was done avery other Khrrif , 
222 progenres were tested and 22 selectwd In each method (Parrl 
Mil let 8 r e m d ~ n g  pub1 &cation PMB 1 . 9 ) .  
Size o f  populat~on s u b ~ a c t e d  to ARPS bnd GMS salectkon wrs 2000 
hrlls accordrng to Pfl8 1.10. 
S a l e c t ~ o n  c r r t e r ~ a  rn S2 rnd FS relect&on werm days to bloom, 
plant herght, and head w e r g h t .  RRPS rnd GMS wwrw based on 
visurl assessment o f  the srme char.cters, with Z O O 0  hills 
divided into g r i d s  of 100 plants from w h i c h  10 plbnts wer8 
salected. S ~ l a c t r o n  An GM$ was at hrrvwat whereas thdt o t  RRPS 
was before flowerinq. RRPS was modified in Cycles 3 and 6, 
with 15 plants smlect8d per grid before f l o w m r i n ~  and 10 of  
t h a w  retained at the time of  harvmst (PMB 1.12). 
Entr ies 
WC CO bulb. [twice) 
WC SZ (cycles 1 to 3) 
WC FS (cycles 1 to 6 )  
WC GHS (cycler 1 to 6 )  
WC RRPS (cycler 1 to 6 )  
WC RRPS-modified ( ~ y l e %  5 to 6 )  
0~ 
46 asparimantal populstions were dwrsvad b y  smlection tor 
increased or d e c r a ~ s e d  yreld potential in the P ~ a r f ,  New Errly, 
and New Elite conposit8s. Detailed description of  the 
selection indices employed and the methods tor developing thrr 
wper i amn ta1  p ~ p u l a t i o n r  e r n  br found fn  "Ilass-se1~~tian 
t r a t u g i ~ r s  for pear l  n i 1 h t  i m p r r ~ v e w t "  (Ph.D. dissertation, 
11. b. Mattundm). 
ObJectsvar &nd t r i a l s  
fh+ purpasa at t l r r i r  1 1  r r i r r  I l f s t e d  brlau r r  t o  determine 
what progress h a s  been achr@vrd b y  tn8  var&ety &nb papul8t ion 
brvsdiny o f  tho P v r r l  M r l l r t  Improv@msnt Proprbm a t  ICWIISAT. Thr 
per formancv rrf i n t a l  ra r Io tJ i rs  drrAvrrd f r o m  in f  W a I  and 
advanced cyclmr of  compositrw wcrc caaprred In CXVT. Seed stocks 
from the many rem#lectron w&thin WC-C73 were comp4red i n  U C 7 X T .  
The ef f e c t a  of  recurrent  ~ e l r r t i a n  on y i e l d  p o t w l t r r l  , &granat?t~c 
t rd i t r ,  4nd dir+rrm rrraistrnc. of  p e r r l  n i I l w t  populations were 
r r ~ a m r e d  i n  a n a r i r s  af composite bulks trlrls. 
T r i a l  Year Locataon 
*C 
Camp4rl8on o f  Ewperlmentel V l r r r t a e s  ( C X V T )  1979 PHF PLf HSR BSF? 
WC-C7S Comprrisan T r i a l  (WCC75CT) 1983 PHF BSR 
Campomit. Bulk T r i a l  ( C B T )  1976 PHF R F  HSR BSR 
Compomrtc Buik T r l . 1  ( C B T )  1977 PHF %F HSR BSR 
CAM 'f'N1 
Comporrtw Bulk T r i a l  (6871  1970 PHF R F  HSR 
sam w 
Composite Bulk T r i a l  ( C B T )  1979 PHF PLF HSR BSR 
KaM WN . 
C~mp08it8 B u l k  Trial (CBT) 1982 PHF b4$R BSR PDN 
Compos&t@ B u l k  T r h r l  ( C B T )  1984 PHF H$f? BSR 
Cornpariaen o t  Campomitm Bulks & V r r r e t i e s  
(CCBVT 1 1905 PHF HSR BSR PDN 
Comparison o f  SRC Bulks T r ~ a l  (SRCBULKS) 1905 PHF HBR BSR 
Comparia~n of  SRC Bulks T r i a l  (SRCBULKS) 198b PHF H$f? BSR 
PDN PBN 
Compos~te Bulk T r ~ a l  ( C 8 T )  1987 FHF HSR BSR 
PSI PSD PDN 







LC-C75 L C 4 7 7  
YCC7XT 
E n t r i n  










1980 k h r r i f  





1982 R h b ~  
1982 R ~ b i  
1979 
m COneOSITE B O l K  T R I 6 k Y  
The occuranca o f  particulrr .rIwctcrd pnpulrtionn rn t r r r l r  
rcrasr years  1s prqsentwd f o r  84ch c~rnparatb fseparately. 
N e w  Elite Compos~tm (NEC)  
Year o f  t r i a l  
Nrrw Early Compasi tcr r  (NEC) 
Late Cocapositrs (LC)  
Soucrrl crntr irr  sn thv 1976 m d  1777  C~rnpouitr Bulbs i  T r ~ @ l l ~  
wdlr e tler r vmtl f r o m  compos r t r*. at her t ),an t t rc .1~ .  pr @sen t cad abrrvlr . 
Irr 1976 tharca lrntrrrrs cant;aotod of  505 I C Z , C Z ) ,  CDP ( C i ) ,  E r B n r n r . ~  
( C t ) ,  I3 and C 1  ttw 0 r ig~r i . 1  Owart c)nd t a r l y  Campaoites. f r r  
1971 tlra Cfl and r l  of  t3+r~vt3 #nd Gas 7 5  w a r s  tcstod. 
l jn ta  from t l a w  1YS2, 1904 ,  1903 and 1907 C8T  ~ T A P ~ S  h . ~  bean 
t lsrnp11,t i ,1y chaclod f r l r  t r " 8 n a ~ x : r a f ~ t ~ a r ~ a l ~ -  and other-errof+.  Ths 
carrrc t ~ c J  d a t a  hers hewn r;;tarwd in ~ ~ I Q T I  a t c o r d ~ n g  to  thar names 
1 satt .  1 111 Appendr r 3 .  
* 
obj~rtivws rnd t r i a l %  
Thc purpusa ,  r r f  thru e11ptrr1rnlrrrta1 v s r r a t ~ e r  I , r ~ , & l a  rs t a  
6 thr  p r r f o r m & n r a r  o f  vrr ict lcss developad ~t fCRISA7 a t  8 
nurnbwr a1 l a c a t  ia r~r  . 
T r i 4 1  Ycsr Locat  ion 
Compoarte Enpt  V r r  Best Prag.(CEUI) 
Ewprr immtal  V a r l e t  i a a  { L V T  ) 
Experimental Vhrratres I E V T )  
1n l t i . l  G r p t .  Vnr ls t r t?a  ( I t V T )  
lnrttel Ewpt. V & r r e t i a ~  ( I E V T )  
l n ~ t i r l  LSxpt. Vsr-1 ( I E V T - I )  E a r l y  
f n i t ~ a l  B ~ p t .  V d r - J I ( 1 E V T - 1 )  L a t e  
I n i t i a l  Popln. L'arimt~cba I I P L ' T )  
l n l t l s l  P o p l n .  Spccitrc V r r  [IPSVT) 
Pearl M i l l e t  Inhtlrl Var (PMIVT-1) 
P m r l  Millet I n l t l r l  V a r  ( P M I t f T - 2 )  
---* 
PHF PLF ~ S R  B3A DUR KAM 
saM win WAD PAK 
fJHf' HSR 
PHf PLF MSR PAK TMI KAM 
PUN 
PHF PLF HSR BBR KAM BAM 
SAM WAD TNl 
PHF PLF HSR B$R BAf l  SAM 
WQD 
PHF PLF HSR B@R 
PHS PLF HSR BSR 
PHF PLF HSH BSfl 
PHF HSR 
PHF PLF HSR BSR 
PHF PLF WSR BSR 
PHF PLF HSR BSR 
PHF PLF HSR BSR PDN 
PHF PLF HSf? BSR PDN 
a EVT-1978 
13 v.+rcltriesi dlrrrvwd frorm a, DC, SSC, LC, UC, PC, IW, Xi 
1IJwc, NCGM73, G W 7 5 ,  and F(EC. Vur ies t rs  wcrrr, cmpo~md In 1977 
fr o m  propensas ur1vct.d a t  3 p w r r f 3 ~  1 0 ~ a t ~ a n s  ~r I C C O I ~  
i o c s t ~ m s ,  and nrmmd 6ccordingly ( -P77 ,  -H79,  - T 7 7 ,  4 7 7 ,  -877, 
-0877 ,  -.K7?, -977 tor r i n g l +  l o c a t i o n ,  and 4 7 7  to r  rerEsr8 
locetran rrlactron*). 
EVT- iV7V 
21 vrrletiwr from W C ,  NEC, NELC, 0 2 ,  SSC, I V S ,  SC1 ,  HC. 
Vbrictres were based an prageosrr ~ w l e c t s d  in 1978 .crass 
or w ~ t h r n  ssngle locrtsonr (P78, H78, K78,  8878, W70) .  
EVT-1900 
27 varietrra from SC1, SSC, NELC, NC, SCZ, 1VS, DIC, l R l B ,  1 B .  
P a r e n t 6 l  1 & t w o  were s(rl@ct@d a t  Pbtrnchcru, Wlrar , rnd  dcrorrrr 
loc&tlonc. 
m EVT-1981 
31 \arretr+s tram RC, I V C ,  SSC, WC, SC1,  SCT. Parwntal 1~n.r 
w e r w  rwlec te d  bt P & t # n c h w r u ,  Bh&vrnisrqar, arrd rcroms 
locrrtions. 
@ IEVT 1902 
. .-.-- .-ci-.rr.II--*--'_)..*---+.--. ,--* 
Compos~ t e  PWF tisf4 OSR CScross 
SC 1 
WC 








39 varieties der~vmd from IVC, MC, NEC, NELC, SSC, SRC, T o ~ a .  
P a r e n t a l  1rner were selacted a t  PHF, B S R ,  HSR, o r  &cross  
locations. 
0 IEVT-I 1 W 4  early 
15 varieties were derived from NEC and DlC. Prrcrrntsll 1 i n ~ 1 ~  
ware rrlarted a t  PHF, BSR, HSR, *r across locations. 
w IEVT-I1 1984 r i d  to l a t e  
36 v a r i e t i e s  der ived  from NELC, SRC, Me, WC, and IVC. Pmrmntrl 
lines were se lec ted  a t  PHF, BSR, HSR, or across loc~tionr. 
IPVT-fUIB5 
32 vatietivs drrAv8d fro& I V C ,  SRC, NEltC, HC progenies r e l s c t r d  
An 1984 or An t h s  y e a r s  1980 t o  1983. 
r I Pf lVT- IWS 
Vorrativo c m a t i t u t c d  tram progenies o f  0 2 ,  SSC, E C ,  MC, M L C ,  
f)lC, f l G ,  rnd  NEC, tested In 1982 t O  1904. 
a PHIVT-2 1906 
V a r r r t l e s  c o n r r t i t u t r d  t r a m  progenies  o f  NELC or SRC tested i n  
1963. 
1.3 ELITE V M I E T I E S  TRXRLS 
Qbjsct lr f3e  and t r i a l s  
E l ~ t e  v 6 r j d t y  t r ~ h l s  w p r p  conducted t o  e v i l I u a t 8  promlslng 
v r r i a t s a s  over a rrrlqg of q e ~ g r - s p h i c -  and adrphrc-environment%.  
T r r a l s  Y a s r  Locatron 
-m""--- --.--. -*- -- _---  . -.-- --I-.-.--- -.._I--- - ----_-CII- 
Cllte V a r i e t l e b  T r i a l  ( E V I )  1978 PHf PLF HSR BSt.2 TNI BAfl  
WAD K&M GOR PDN 
Elite Vbrretlra T r r a l  ( E V T )  1979 PHF PLF HSR BSR BAtl K4H 
SAM WAD TNI 
E l ~ t c  V + r r a t l u s  T r r a l  ( E V T I  1980 PHF PLF HSR B$R WAD 8dn 
PDN 
Elltc V & r r r t l a s  7 7 1 6 1  (EVT) lY0l No Record 
Advanced Popln.  V s r .  T r l . 1  (APVT) 1982 PHF PLF MSR B$R 
Advsncsd Popln .  V s r .  Trl.1 ( A P V T )  1983 PHF PLC HSR B8R 1SC ZAM 
hdvrnccd Popln.  Var .  T r r h l  ( A P V I )  1984 PHF PLF HSR BSR ANA 
P e a r l  Mgllut Advanced Var ( P R A V T )  1905 PHF PLF HSR BSR GUL 
Prarl M i l l e t  A d v s n c c d  V A T  ( P P I A V T )  19Bb PHF PLF H S R  BSR PDN 
Genetic Matariala 
r E1.VT 1978 
V~rretlss der lusd  from WC, C ,  L C ,  I V X ,  SC1 were tested. 13 
s n t r r s r  were common w i t h  BPPT-1917 and 9 e n t r a e s  w i t h  EVT-1977. 
m ELVT 1979 
24 v a r i e t i e s  d e r i v e d  from WC,  I V S ,  MC, SSC, Me, LC,  SC1, and 
NEC . 
ELVT 1980 
27 v a r i e t i e s  canalsting o f  entries retained from ELVT-1979 ( 8 )  
or promoted t r a m  PMHT-1979 ( 4 1 ,  EVT-1979 ( 5 ) ,  PUST-1979 (21, 
#nd BPPT-1979 ( 8 ) .  
m ELVT 1961 
Entries include 3 h y b r i d s ,  3 s y n t h e t i c s ,  4 experimental 
v&rietier, and 3 progeny varieties. 
a W T  1982 
21 urr~etias dcrkvsd f r a m  SC$, I V C ,  PIC, WC, m d  SSC. Nlne are 
comhon wbth EvT-1981 6nd seven rre i n  common wrth  WPT-1981. 
m Wt 1983 
22 v a r l a t i s r  d t r ~ v e d  from NELC, SRC, WC, DlC, SSC, rnd I V C .  
W8T 1984  
28 vrrietiea derived C r a m  lVC, HC, NELC, S A C ,  #nd SSC, 
r PCYWT 1983 
19 synthetics and 22 vrrlrtiea of NELC, MC, SRC constituted i n  
1902 to 1904. 
FVMVT 19Bb 
28 varieties o f  IVC, SRC, MC, NELC r n d  ramparlte bulks and 14 
synthetrca. 
Obfectives and t r i a l s  
Indtvldual praganlcaa d+r~vcrd  from compos~tar and incr8arwd 
by s i b b r n p  were twstwd muIt~lat5tronaily t o  8vaLurt@ the i r  
potenti.1 as v r r r ~ t ~ s r .  
- ---*- -. 
Bast Papulatlon Proqsny (BPPTI 1977 PHF HSR 
Bart Populat~on Progsny (BPPT)  1978 PHF HSR KAM 
Bert Population Progeny (BPPT) 1979 PHF HSR SAMF WAD TNI 
KAM PDN 
Bert Populet~on Proqany (BPPT-1) 1950 PHF PLF HSR WAD BAM 
Bert Papulation Proqrny (EPPT-2) 1980 PWF P t F  HSR BSR WAD 
BAH (no data tound) 
Best Population Progsny (BPPT) 1981 PWF HSR PDN 
l n i t a r l  Populrtlon Progeny ( I P P T )  1982 PHF HSR BSf? 
Initial Populat~on Progeny V&r(fPPVT) 1983 (no d r t r  found) 
Initial Population Progeny Vdr(1PPVT) 1904 PHF PLF HSR BSR 
Initial Populrtron Progeny Vbr(1PPVT) 1985 PHF PLF HSR 
Gmetic Haterials 
BPPT 1977 
60 progenies derived from WC, MC, LC, SSC, Gam73, G ~ m 7 5 ,  rnd 
SC . 
r BPPT 1978 
79 progenies drrrlvad from WC, IVS, LC, NC, Gam73, Gam75, MC, 
SSC, SCl, NEC, EC, DC, and EB. 
B e e T  1979 
60 progenies dar~ved from WC I V S ,  NEC, NELC, SCI, and PIC. 
0 BPPT-1 1980 
60 pragenirs derived from DZC, SCl, SSC, M L C ,  SCZ,  bnd NC. 
v -7-2 1980 
14 progenrra darivad from Dl, If?, 10, r n d  crassrd progenie@ of 
thebe compooJta+ and of DC and EC. 
m BF*PT 19e1 
39 pragenrffa darrved from SC1, NEC, MC, I V C ,  SSC, &nd MC. 
o IPPT 1982 e 
60 progentas dsrlvad f rom DLC, 5 R C ,  NELC, PIC, SC2, and I V C .  
r IPPT 1903 
33 prngan r er der r vrd t rom NELC, MC, I VC, NEC, SSC, SRf, and 
Tagc~. 
I W V T  19B4 
36 pragenraa d r r  i vad from WC, NCLC Qnd SUC. 
m IPPVT 1985 
32 prageniea dcrivcd from I V t ,  W C , ,  NELC, MC, s n d  Sm. 
Dlts from t h e  1 9 8 2 ,  1 9 0 4 ,  1 9 8 5 ,  and 1987 Composite Bulb, 
T r ~ * l o  Marre ~c!trrcvsd from ~torrgrr on Computer tap08 and were 
c h e c k e d  aqalnst t h c  ~ r r . ~ g i n a I  values i n  the f ~ a ! l d b o s l r r s .  
Tranocr~ptiunal cr r t> r% a f ~ d  other  ~ r r o r s  were found in  data from 
Isvery y e a r .  t?&t& 3 t n r r d  oc? m i  tape ,  therefore, must be 
rech+~k@d ln datchil bafora any rcanslys~s 1s Initratad. 
Tha s c c c r r  scy u t  c ~ p ~ r ~ r n a r ~ t s  car? be judged by the magnitude 
a f  tha laaat  slgnrf lrant di f fercncas ( L S D )  between antrkes. Tttc 
rcc:rrrbcy of t h e  Compoafltc Bulb. Trials, therefore, can be 
r n d i c ~ t ~ d  b y  t h e  LSD0,05 f o r  qratn y 1 ~ 1 d  d1tferrcn~es between 
l k  The LSDO,O v a l ~ ~ e s  f o r  the Medium Composrte bulks, tor  
.*ample, r a n p c d  ?ram 236 to 927 k g  ha-' in the  n i n e  tcstr 
conducted over t hrcre y e a r s  and three lacs tlons. These error 
laveis are reasonable f o r  the rnvlronmcnts in whlch testing was 
done and stlawed no rrslatior18hip k i t h  the product~v~.ty o f  the 
rnvironmcrnts.  Combined ~ n a l y r j e s  aver years and locatlens of the! 
Mtdrum Composite bulks, hswsvar, resulted rn a LSDomo5 for  grern 
- I yrrrld o f  154 kg  ha  . Thus the  increased effectrvenars jn 
d~rcrimrnatinp between g e n e t ~ c  materlsls b y  repcatlng trials over 
years is indlcatcd. 
The prlor nnelysea o f  m u 1  t r  locntronat Composite Bulk T r i a l s  
has been vary Iimrtoa. combined analyses across locations 
hrva been incomplete with, f o r  example, no estrmaitionr made o f  
entry b y  lacatrun ~nteractranb. Fur ~ r ~ e r m ~ r e ,  combrned analyses 












SffCBUL KS 1986 
PMAV 1 1986 
PMbVT 1966 
PMAVT 1906 
~m AV T 1986 





PMAV 7 -- 2 1986 
PRIVT- 1 19Bb 
PMIVT- I  1986 





SRCB T 1985 
1 SPVT 19136 
ISPVT 1985 
1 SPV 1 1983 
I SPV T 1905 
PRAVT 1903 
PRAV J 1983 
PtlAVT 1989 
PRAVT 1985 
PNAV I 19B5 
1 PPVT 1989 
I PPVT 1985 
1 PPvl  1985 
l FPVT 1983 
I PVT 1985 
l PVT 1985 
1 PVT 1905 













































P t  F 
PbtF 
----------------~CII..r(I-.I*I,.I*.I,.I--.I(.I..IcIr~~1)~I-~~o~~-~--*~ 
E u p t  * V w r r  LocatPm Fldbk Rap Plot S i t e  Trrfts 
- - C - - - - ~ - - C I I I I I I I I - ~ - - - r C r C C ~ - - - C . * , ~ * . - . - . I I " o ~ - - - ~ - ~ ~ ~ - ~ ~  
DT CB tee3 RGFV 2 ~a I ke 
Dl CB 1985 PWr= 272 4 I E I  
CCUBT 1983 88R 236 3 4XSJt3 4 9  
CCU87 1985 H@R 260 4 4%9?Lre3 49 
CCUBT 1983 PW 272 e 4 x 3 ~ .  7 9  4 9  
CCUBT 1983 PDN 270 2 2 X 4 K .  7 3  49 
CBT 1984 BSFP 229 3 f i x 4 % ,  3 36+12 
CBT 1904 HSR 233 C, 4 % 4 x  .73 36+12 
CBT 19B4 PHF 247 6 SXSk -73 36+ 12 
IEVT-l .  1984 HSA 233 3 36+4 
I & V ? - 1  1984 PHs 207 3 3 6 4 4  
I E V T - 2  1984 HSCT 233 3 J6+4 
I E V T - 2  1984 PtF  240 3 364 4 
IEVY-2  1904 BSFl 242 3 36+4 
I E V T - 2  1984 PHF 242 3 36+9 
I PPVT 1984 HS$I 233 3 36+4 
I PPVT 1 9 9 4  PLF 240 3 36+4 
I PPVT 19634 86R 242 3 36+4 
IPPVT 19Q4 PWF 242 3 36+4 
APU t 1 9 0 4  BSf? 229 4 2(9+4 
APUT 1 9 8 4  HSR 233 4 28*4 
GPU T 1904 PLF 240 4 2 8 + 4  
APU I' 1 9 0 4  PHF 242 28* 4 
hPUT 1 9 8 4  FcNPI 239 4 294 4 
kPU 1 1 9 8 3  PHF 200 4 4 X 22+ 3 
A P U  f 196JS PLF 200 4 
A P U  l 1903 BSF? 200 4 
A P U  f 1 9 8 3  HSR 200 4 
A P U T  1983 ISC 2UO 4 22+ 3 
A P U  T 1 9 6 4  ZAM 216 4 4 X 22+3 
I PPV T 1983 
IEUT 1983 HSR 200 3 4 X 4 K  . 7 5  39+ 3 
IEUT 1983 PHF 200 3 4 X 4 X .  7 3  39+ 5 
1 EUT 3983 PLF 200 3 4 X 4 X .  7 5  39+3 
I EUT 1903 BSR 200 3 39+3 
wCC75CT 1983 PHF 210 4 4 X 4 X .  75  9+2 
WCC75CT L983 BSR 220 4 9 + 2  
wCC75C.T 1983 HSR 210 9+2 
CBT-NEC 1962 PHF 181 3 6 X 4 X .  7 9  6 
CBT-SC1 1982 PHF 181 3 b X 4 X .  79 7 
CBT-DID2 1902 PHF 181 5 6 X 4 X  - 7 5  8 
C8T-WC 1902 PHF 191 5 6 W 4 X  075 & 
CBT-IVC 1902 PHF 181 5 b X 4 X ,  73 6 
CBT-MC 1982 PHF la1 5 6 X 4 X  ,73 7 
CBT-NELC 1982 PWF 161 3 6 x 4 ~ .  75 5 
CBT-ssc 1982 PHF lei 3 6 x 4 ~  - 7 s  7 
CBT-WC 1902 BSR 181 5 6X5X. 3 6 
CBT-IDC I982 BSR 181 5 6 x 5 ~  5 6 
E * p t .  V s a f  Locrtton F l d b b  R a p  Plot S a r r  T r r k t r  
L O T - N t C C  
C:uT-HC 
C"tjT-NEC 
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Location Fldbk Hag Plot Sit@ T r r r t r  
RPPt - 1 
DPPT - t 
BPPT - 1 




c B r  
CBT 









c n V'T 
c x v t  
E L V T  
E L V T  
ELvr 
PLV r 
E L v r  
k L V T  
ELYT 
E L V T  
ELVT 
SINEC 
P C T - 2  
P C T -  1 
I xvr 
I xv.r 
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P C F  





P W F  
KQM 







































r r r " - - r . L * I * r . " . - r  - r r I - - C " - - . - - - - m - . - r . - u - - . - - . , . - r ^ m . - - - - . - - - - - - - - - - -  
Ewpt .  Y r r c  Loc.tion F l d b b  Rep Plat Sate t r a z t s  
C * " C . ' . h r n "  - -.. - -  -1." .I-- -em- . - - - - - . - - - - - - - - . - - - - - - - - - - -LC- - -  
CVT I979 T N i  1 3 4  3 2wSx .90  2 1 + 4 
CBT lQ7a P1.F 1 O h  3 0X4.25K.75 2 1  
(31" 1978 t M I  106 5 2 1 
C: kJ 7 197Cj SAM 1 C 8 6  3 6 . 3  3 i 1 
CBT 1978 PWF 106 3 8 X 4 . 2 S X .  7 5  31 
CBT 1978  h4SR 106 3 6x3 3 2 1 
(I 
M T - 2  I9764 EJSR 11% 3 14+6 
AGT-2 1979  BSR 1 1 2  3 1 4 + 6  
A G T - 1  1978 PHF 112 3 0X3X.73 Y - 4 
FIG? - 1 197e HSR 112 3 ZC, 
ELVT 1V76 PLF €36 3 8 X 4 . 2 3 X . 7 9  36+7 
ELV r 1978 MSR a6 3 56* 7 
ELVT 19763 BSH 86 3 0% X . 5  
ELVT 1 9 7 ~ 3  T N I  B6 2 
ELVY 1V7& PUN B6  1 
ELVT  1 9 7 0  HAM €34 3 X X . 8 0  
EGVT 1978 WAD at, 3 x .so 
ELVT 1978  KAH 06 3 4 X 4 X  .75 
EL V t  1 9 7 8  GOR €36 '5 2X4X . 7 S  
ELVT 197a PHC 136 J 
we r 1.978 PHF 112 2 e x 4 . 2 ~ ~  . 7 s  79.t21 
WP7 1978 HSR 112 4. 6 X 3 x  . 4 5  70+2 l  3 
WP f 1978 h&M 112 2 79*2L .. 
EvT lC1)7E.' WSR V R  3 6 X 4 X  . 4 9  4 3 + 4  
w T l V 7 B  PAU 98 3 5 X 2 . 7 k . 4 5  43+4  
EVT 1978 PDN 98 1 4 5 + 4  
€3 T 197f3 PHF 98 3 43+4  
EV T 197t3 PLF CSf3 3 4 X 4 X . 7 5  4 5 4 4  
EVT 1978 K A f l  98 3 4 3 + 4  
EVT 1 9 7 8  7NI 913 2 4 5 + 4  
cg l' 5977 LAM 7 6  3 8 X S X .  4 3  16 
c ~ r  ~ 9 7 7  TNI 7 e, 3 B X ! ~ X . B O  16 
C 8  T 1977 PHF 7 6  3 BXSX . 7 5 ?  1 6  
(3 7 3977 P1F 7 6 3 8X!5X.753 16 
CBT 1 9 7 7  BSR 7 6  3 B X S X . S C ~  1 6  
CST 1977 HSH 76 3 BXSX. 75? 16 
BPP T 1977 PHF 7 0  2 6 X 5 X . 7 5  60+21 
BPP I 5977 HSR 70 2 6 x 3 ~ .  7 5  60+ 2 1 
c ~ a r  1977 PWF 7a 3 6 x 5 ~ .  7 5  2 4  
c ~ e r  1977 HSR 7 6 s b x ~ x . 7 5 ~  24 
ABT 1977 HSR 70 3 6XSK. 7 5  30 
AGT 1977 PHF TO 3 6 X 5 X  . 7 5  30 
€NUT 1 9 7 7  HSR 70 J 8 X S X . 7 5 ?  1545 
EXVT 1977 PLF 7 0  3 8 X 5 X .  7 5  15+5 
EXVT 1 9 7 7  PHF 7 0  3 t 3 X S X .  7 5  15+5 
EXVT 1977 BSR 70 3 9 X 5 X . 5  25+5 
C 0 T  1976 P t S  60 4 16 
CQT 1 9 7 6  PHF 60 4 16 
CBT 19-76 BSR 36 3 16 
CBT 1976 HSR 4 1  4 HXSX. 30 16 
--------------------------------------------------------- 
SECTION 3 
T h e  0 n a l y 0 ~ 9  o f  h i g h ~ s t  p r i o r i t y  ta the p o p u l a t r o n  
~mprcrrsmunt work a t  the  Pvar)  W i i I c r t  braedrng progrrm IS the 
combined $nalycrra aver year % and l o c # t r o n s  ( 1 1  tr t u l s  e v a l u a t i n g  
cornposit@ b u l k *  ( s e l e c t e d  populations d e r i v e d  f rom c y c l ~ c  
selrctron), This &n#ly%l% would datormrnr w h 8 t  progress has bewn 
mrds rr\ p ~ p u l r t l u n  improvlrment o f  penr l  m i l l c ? t  by s v a l u r t l n g  tt,r 
d l r r c t  sncf rndlrpact chrrcgar csused b y  recu r ren t  ra r l r c t i on .  The 
r a r u i t r  o f  8 u C t 1  an a r 1 8 ) y ~ I S  would suggest  hon t h e  b r e t d ~ n g  
program should t ~ e  deurgnwd t o  cnhrnra f u t u r e  ~ r n a t  J C improvkment 
o f  pesrl m a l l a t .  Combinad csn&lyses o f  Composrts Bulk t r i a l s  
grown I n  1982,  1984, 1903, r n d  1 9 0 7  were conducted and 4 r ~  
repurtrd i n  Apprndln 4.  These r e s u l t s  showed t h r t  igraln y r e l d  
had been ~ r \ c r&ased  through recu r ren t  o a l e c t i o n  rnd  t h a t  increrseo 
l r i  y r e l d  po tc r r t r s l  were t r a n r l a t s d  i n t o  improved y i e l d  under 
te rmina l  drought. Only one t r i a l  wra conductad under tarm1nal 
drought r tha o f  t-%@&son, hawcvrr, n d  add&tr ,onr l  t e s t i n g  in 
r ~ a t u r s l  drought envlronmrntb i% there fore  needed t o  r u b i t s o t i & t s  
these I esuf t w .  
The Compolritl* Bulk O ~ a l l e l  I r r i n l  o f  1905 1s another top i c  
w l t h  h i g h  p r r o r l t y  f a r  ~ l n s i y s i s .  Dbta fram t h i s  t r r a l  wr11 be 
An4lyielrd by ttie author d u r ~ n q  ~ I C  % t r y  a t  the Unrvers r ty  o f  
Hohrnhakm, S t u t t g a r t ,  Waet Germany. 
Cornpar rlborl% ~t l o ~ l r  t&e?L(ect lor1 m r t h o d r  w r r r  mldb i n  L 
m u l t i y s ~ r ,  parf i1 ! e l ,  s ~ l e c t ~ o n  study l n  the World Compacrtsr. 
This study i s  o f  g ren t  1mportAncs t o  tho bre tdrng  pr0gr8m but the 
p r o d u c t s  o f  nthlectian w r r r  e v a l t s t t d  o n l y  ~ n  r s i n ~ 1 ~ )  
snvironmwnt, I t  h r s  t h h r c f o r s  bcrn ~ ~ g g c s t a d  t h a t  seed of there  
produc-tn be rr\craa%ad l r i  the bummer  a f  1989 and tes ted  8t severa l  
l a c s t i o n s  I n  khrrrf 1909.  
APPENDICIES 
Cora t ion Abbrev. 
- .-- -- 
Pat&ncheru h r ~ h  t e r t i l t t y ,  I n d i a  ( 1 7 ' ~  7ea€) 
P ~ t r n c h e r u  low fartfflty, 
Patancheru downy mildew nursery 
Pstrncharu smut nursery 
P#t#nchwru summer irrrgbted 
Patrncheru summer drought 
H f s r r ,  l n d i r  ( 2 8 O ~  73%) 
Bhrvrnrurg@r,  I n d r r  ( 1 1 ' ~  7 t 0 € 1  
Our~tur, I n d i a  ( I ~ O N  €30 '~ )  
An.nt.pur, India ( 1 9 ' ~  7 € j 0 € )  
Oulbarga, I n d i e  ( 1 7 O ~  7 7 ' ~ )  
Yua&twric, Pak l r tdn  (SJ'N 7 4 O ~ )  
Krmba~nro,  B u r k ~ n r  Fhao ( 1 3 ° ~  Z'W) 
S&m.ru, Nrger la  ( 1 1 ' ~  € 3 ' ~ )  
81mbry , Senrg. 1 ( 1 4 ' ~  llO€ 1 
Wad Med&ni ,  Sudrn ( 1 4 O ~  3s0€) 
Tarn. A . R . S . ,  M & r a d i ,  N ~ q e r  (13% 8%) 
Krom., Z~nbis 
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APPENDIX 2. OOCUPIENTfiTtOM Mr M T E R t A L S  AND METHODS USED FOR 
RESPEARCH TRICllS AN0 R€COn?BtNcltlaWk3 Olr' PEARIL NIUET* 
Rererrch Trial P u r p o ~ r  
Genetic tmtmr&rlsc 0rlgLn8~ w t r y  number8 
Erperim+ntrl 4eal~nr blocking, r.pllc&ti~n, 
plot * i r e  {totrl and n a t ) ,  d i r t rnce Wtween 
rnd within tons 
Drtw of planting and hrrvw*ttng 
F s r l d  in which 8rperimwnt cmdu~ted 
Appficrtionr at fertilizer, irrl~rtlanr, m t c  
Trritr naasurmd rnd trrnsformrtlona u8.d 
N ~ I M  of file8 and trpwr nherm data i r  rtored 
Recombin. t ian Locr t ion 
P l rnt inq  drtw 
Ownvtrc mrtwlrlri orrqrns, numbwrw of  p lant8  
Per Prw."Y 
Mathod of poll4nrtron 
Omscriptton o f  rny ael@ctlon pr4cticwd 
Method of hrrvmstlng the recombinmd @wed 
WPEWDIX 3. WNfS hWD C Q ~ f f M T S  OF FILES Y I T M  CORMCTED BAT4 F W  
COWOSttE WLI  l U I K B  Of 1982, tV04, 1983, M 1987. 
II 
QSDZBHI02,TXT 1982 HSR 
IVCBHI0Z.TXT 1982 HSR 
MSH102.TXf  l V @ Z  HSR 
NECBH182,TXt 1982 MSR 
NELCbHIB2,TXT 1982 HSR 
StlBH182.TXT 1982 WSR 
OSCBHI01. 7 x 1  1962 HSR 

















REP EN1 00 HUT TH2 
REP EM1 BD HUT TH% 
w e  ENT o~ HUT r ~ s  
REP EM1 00 HUT TH% 
REP EN1 DO HUT THb 
e 
REP EN1 ID HUT THt 
REP CNf 80 HUT THk 
REP EN1 19  HUT THt 
HEAD YIELD (T/HA) r (HUT - 1 2 0 0 ) / 1 M  
REP EMT OD HT HUT GUT 
REP €NT 90 H I  HUT GUT 
REP EN1 BD MT MU1 OUT 
REP EN1 80 HT HUT GUT 
Rre EN? BD HT HUT GUT 
REP EN7 BD Hf  MY1 GUT 
REP EMT BD HT HUT GUT 
REP ENT BD H1 HUT GUT 
HEAD YIELD ( T l H h I  a (HUT - 260111500 
GRAIN YIELD ( T I H A )  8 GY1J l500 
REP EN1 BD HT HUT TH% 
RLP EN1 BD H I  M Y 1  TH2 
R€P ENT BD HT HUT THY 
REP EN1 BD H I  HYT THS 
REP ENT BD HT HUT Thk 
REP EN1 BD H I  HUT 114% 
REP EN1 BD H I  HUT THb 
REP EN1 ED HI HUT THk 
HEAD YIELD (TJHA) (HUT - 1 0 4 0 ) / 1 0 0 0  
CPTH184S,DAI 1984 HSR REP ENT BD Sf lUI  H I  EL PC HC AGS HUT THZ 
HEAD YIELD ( l i d 4 1  = (HUT - 2100 ) /1500  
CBTPH84.TRA 1984 PHf REP ENT ED HC GYT(T/HA) HUT(T/WA) 
CBTBS84,DAT 1904 BSR REP ENT BD HC HUT TH? 
HEAD Y I E L D  (T /HA I  (HUT - 1100 ) /1000  
C8VTH183.TXT 1905 HSR REP BLK ENT THZ HUT BD H I  EL PC HC 
HEAD YlELD (T/HA) = HUT/1500 
C%VTPHBS.TXT 1905  PHF REP BLK ENT T H ~  HUT ED HT EL PC HC AGS EVIG 
HEAD YIELD ( T t H A )  HYT - 23601/1500 
CBVTBSB5,TXT 1903 BSR REP BLK EN1 TMX HUT 80 HT EL PC HC AGS 
HEAD YIELD IT/MA) = HUT - 2200)/1000 
tfitmt.wt 1907 ~ ~ l l  rro rm tn wtr mrr ro w t x  rct2 n t ~  H T ~  t 3  
KI rSt R 3  R 4  R 3  PC Hc M 4  U)O$EEB 
mno orc~s  ( TIMA) ( W Y T ~ + W T ~ - ~ O O O ) ~ ~ S O O  
C8tHC~t .PAT 1W7PW REP CUT TM WT 80 M T I  HT2 M T T 3  Rl  Pt.2 Pl.3 
PC MC nus ~WSEED 
MLlD ' I I l E l O  ( I / H A )  M T  - 43.61~1200 
CBTBS8t.DAT 1987 bSR RkP Em TH HYTl HYY? ED HT1 HT2 HT3 H I 4  H1J 
P L I  FL2 913 PL4 P13 PC1 PC2 PC3 PC4 HC AOS 
306St€D 4 
HEAD YIELD (T/HA) ( ~ ~ 1 1 + T 2 - 2 1 0 0 ) / 1 2 0 0  
CbTl7SSTR.OAT t907 PAT REP L N I  OUT HUT 60 MC PC M T  PC BUT fi 8 
sumrc~ MEAD r I e L b  (T/HA) * ( M U T - I ~ ~ O I I ~ Z O O  
o~ouont oitntN YICCD (TIHA) * O Y ~ I ~ Z O O  
STftAU YIELD (T/HA) * SYT/1?00 
CBT87SSJOR.DAT 1987 PAT REP ENT OUT HUT 80 HC SYI PC HT PL E V ~ O  nos 
sunnut M C ~ O Y I ~ C D  ( r /un) .  ( H W T - ~ ~ ~ O ~ ~ L ~ O Q  
IRR IGATED ORAIN YIELD (TlHA) * OWT/1200 
STRAW YIELD (T/HA) SUT/1260 
MCPDN. OAT 1982 6 1983 YR REP €WT bN% 1982 Y R 1  
HLCPDN.DAT 1902 6 1903 YR REP EN1 DHb 1985 YRZ 
IVCPDN.DA7 1902 6 1985 YR REP EN1 Dfld 
RCPDN. DA? 1902 6 1985 YR REP LNT Dm% 
1 %  4. POPUCATION 1)9RSNIEnENT FOR O;PWIN VIIEU) kHt) DISiM€ 
CIESIBTANCE I N  F€(UFC H'lLUET. 
Abstract 
Recurrent #election lor incresred grain yreld and resistance 
to downy a i  ldew caused by ( Sclerospor# gr .n ln icoJ# Sacc . 
bchroet*) was conducted for at least three cycles in riw pearl. 
mi 1 let ( P e n n ~ r e t u n ,  @A+ucurr ( C .  1 R. Br. ) cornpo8item. Wed 
determined the effect of s e l ~ c t r w r  on grain yield per dw, 
under terminal drought, +nd i n c r d m c e  of downy mild-. Co and 
selwctwd populations were 8 v a l u ~ t e d  in a ringle year across three 
location# in the rriny r8a8on India, and under terminal drought 
and rn irrrqatrd control in the dry season. SusceptibAlrty to 
downy mildew w&r t e ~ t e d  in field and  lassh house tests nrth high 
inoculun levels. Gr in yrcrld ~ncreased by 7 2 # # ,  9 4 1 L ,  0355, and 
23ns kp kr-l cyclew' in four composites tested over locations 
and year.. Yreld Ancrease 1 i n  1 r test 1otat1orr interact ion 
occurrad rn only on@ comporlte. Selectron increase y ~ e l d s  under 
terminal drought by 10ns to 9 3 8 8  kg haa1 cyclemP i n  the five 
composit8s tested. Yield gains were rrwociated with Increases of 
harvert index under droughtrrd env~ronmcnts and of biomass under 
irrigated conditions. Hrturity and height were generally 
conrtrnt or reduced. Downy mildew rncidence was lecr than 3% 
except when new material hhd bm8n ~ntroduced into the population. 
The relmvsnce to ongoing population improvcrment rn m a r !  mrllet 
Lr discussed. 
Key Wards: Recurrent selection, G x E interaction, Drought 
resirtmce, Sclrrrosparr grrninicofr Sacc. Schroat. 
Irctroductim 
P a w l  millet rs grown for grain or forage on appro~rmrtely 
26 million ha ( F A O ,  1 9 7 8 ) .  It rs a subsistence crop generally 
grown wf thout use of fertilizars or pesticides, and r m  the most 
rmportlrnt source o f  crlorrer f o r  people living in the dry 
tropicdl regions where no other cererl is as we1 1 adfiptcd pearl 
millet growing arere hrve mean annual rrintallr of 200-BOOmn, and 
thus low or poorly drstributed rainfall &re maJor yield limrtlng 
factors (Bidinger et  rJ., 1902). One of the most serious b ~ o t i c  
threats to production o f  pearl millet is downy mildew, which r 8  
endemic i n  fifrrca and Indrr and has caused several eprphytotrcs 
in Indir since 1971 (Rrchie and Hrjmudar, 1980; Srfeeullr, 19771. 
At ICRlSAT in India 8rnce 1973, a range of  genetic.lly broad 
bared populations o f  pearl millet have been created and subjected 
to recurrent selection to increase genetic tolerance to major 
diseases and drought w h ~ l e  incrmrsing yreld potential pr)r re. 
Recurrent relection was conducted with aultrlocational progeny 
testing and exposure of segregating m ~ t e r i r l  to high downy mildew 
dinease p r e ~ s u r e s  (Andrew8 et r l . ,  1985). Experiments cvaluatinq 
the selected pearl millet populrtions tor grain yield, yield 
under drought, and levels of resistance to downy mildew hrve b e m  
conducted i n  Indir between 1962 and 1989. WI, report the changes 
made by recurrent srrlection in sim pearl millet composites for 
q f r i n  y i e l d  u n d e r  n o r m a l  a n d  t e r m i n a l  d r o u g h t  s t r e s s  
+rrvirOnamtlr, and for dowry nildaw ruscclcptlbi l i ty, 
- t i c  MatmrArIr, 
Four 0.3r1 m S l l e t  (P~cnndrrtun ~ J r u c r r n  L 110. B r , )  
ciompausltea *re can r t i t u ted  a t  lCRfSAT trom l i n e r  of bath African 
rnd  Indian orrgan. Indian l i ne8  r r e  wourclrs of  marly matur i ty  
and t i 1  l a r i n g ,  wheream A t r  i c a n  1 i n e s  c o n t ? i b u t a  l a r g e  hard 
VO~UH, meed s i t e ,  and dirmsar, ror ia t rncm (hdrmwr et rJ . ,  1089). 
fhmo c#mpo"eltra, th8 HedAurn (ME:), Ear ly  (EC) ,  l n t e r  Vdr le t r1  
( : I V C ) ,  6nd Nu*r E l i t e  (NELC), h&d 196, 1 61, #nd 47 parcrcrtal 
l i n e r ,  respect ive ly ,  cho+en on r & t u f i t y  &nd porforrrrarcce per se 
i n  m w  seasan of trrating, L ines rrntorirrg PtC were lrndraemrr or 
I An8s from other breeding program., whorear thore entar ing  t!C &nd 
=LC ware S A  o r  S 2  p r a g m l e s  d e r i v e d  from a the r  conposl tea 
l r w a d y  undrrgoing impravement. f 2  bu lk*  from In t r r r v&r i8 ta l  
crosses wwrw chorwn to  form the fVC. Two c~mpeahte had p a r m t r l  
m a t e r i a l  en ta rw ly  from M r i c a t  The Smut R e m l ~ t 4 n t  (SRC)  w.a 
const i tu ted trom 37 rwt ~ o s i a t r n t  inbrvd l i n r l r ,  and the Dwarf 
(DZC) composites w r r  c m s t i t u t w d  from 23 dwrrf 92- l iner .  
Recmb&nation o t  pa ran t r l  l i f t88  war done by  open pa l l&na t iw r  
i n  isot.tLon, w i t h  c l n q l r  row8 al parwntr l  l i nes  swparrtod by 
bulk rows farmed trom r n  a l i q u o t  o f  reed tram each p#f.nt. 
Recombination w r r  conducted thrwe t a w s  &n MC, twice i n  SRC, and 
once I n  E C ,  NELC, I V C ,  and DZC bmfora selwct ion w#a i n i t i a t e d .  
Populat ion I n p r o v m ~ ~ l t  
The compos~ t m r  werw Subj#cted t o  recurrent sw1ectIon for 
incrsared g ra in  y i e l d  b y  mu1 t i l o c r t i o n r l  tes t ing  of  praqenlaa o f  
va r rou r  types (Tab le  1 ) .  Progeny tri.18 ware conducted a t  
Pat&nrcheru ( 1 7 O ~ )  and H i I s r  ( 2 ~ ~ ~ 1 ,  I n d ~ a ,  tor nwrr ly  avary 
cyc le of selmctfon, r l th -h  d & t r  f r o m  H l s r r  o t ten  hrd t o  be 
discarded bacrusm of 8wv8re rnd h8tmrogenmous s o l  l s.1 i n i  t y  . 
Progmnies were swlmctmd f o r  s u p e r i o r  individu.1 o r  across 
locat ions  Q r r s n  y i e l d .  TMre  was no delLbar&te ae lec t lon  f o r  
y i e l d  under drought  r l tho iuqh rornw progmny t r i a l 8  had bv1ow 
optimum r a i n t a l l .  
Progenies from each cyc le o f  selwct&on werw sown i n  d m y  
mildew nurser ies whrre inocu la t ion  of  su8c8ptlbl8 co l  t i v r r 8  i n  
' i n f e c t o r  rows' and mist  f f r * i g & t l ~  induced h igh lnoculurn Lord8 
and optimal condi t ions f o r  i n t a c t i o n  (Andrmws .t d l , ,  1905). 
Swlted .wed o f  iymptom1ess p l a n t @  i n  the se lec ted  p r o ~ o n i e n  
served as the recornbination u n i t s  l o r  intermat ing progenies to  
begin ths nwrt  cyc le of  8ef8ctfon. 
Progenies d e r i v e d  f r d a  o t h e r  compasitws I n  t ha  brmmding 
program w w r r  i n c l uded  i n  the recombinat ion  phrrw o t  c e r t a i n  
cyc les  o f  s e l e c t i o n  i n  PIC and f V C  (Trb lm 1 .  New g e n e t i c  
mat r r ia1  war, introducmd t o  increase genet ic v r r i r b i  1 i t y  and not 
necess.rily t o  incr8s.e the populat ion nwr.n, 
Evaluating Progrnr From Satlection 
T r i a l s  t o  assess the g r r i n  y ie ld ,  matur i ty,  &nd height at 
oslectcd p o p u l r t i m s  were conducted i n  the ra iny  rwrsons ( M y  50 
October )  o f  1982, 9 19615, r n d  1907 ( T a b l e  2 ) .  ?he b+w+ 
p o p u l r t i m  ( C  1 and ~ b s 8 ~ ~ W t  four o  f i v e  se lected p o p r l 4 t l w s  
o f  W ,  lK, &, and NfLC were tested i n  1982 tcr 19@I. In 1901, 
mnly the C and l r t am t  8elect@d aapu l r t ions  a t  , IK, M E l C ,  
SRC, and D& w r e  tested.  T h .  t r i a l s  I n  aach ymar -re ~onducted 
8 t Hisar  ( Z V ~ N ) ,  PatancMru ( I T ~ N ) ,  and Bhavanis&gar i ll0u) I n  
Ind ia .  E n t r i e s  were rmplicatmd thrrrm to s i r  tim per t r i a l .  
P l o t r  wrcr 4m long w i t h  8 i w  (1982) o r  taur (19Cbl t o  1987) row. 
%paced a t  0 . S  (Bh.vani@.qar), 0.- (Patanctwru, 19871, or 0 .731  
v l .  P l o t r  mrrv  urriforrnly over-reeded rn8 t h i m o d b t o  O.1a 
between p l 4n t s  w i t h i n  rows. P.nfcl8r were ha r vas tw  from four 
row8 of  a r c h  p l o t ,  r l r  dr imd,  and weighed. G r a i n  y k e l d  war 
determined by  thrashing 411 prnic1.s b r v r s t e d  (1982 md 1987) or 
by nu l  t i p l y i n g  the p r n i c l e  y i e l d  t r o n  each p l o t  by i t s  threshing 
fwrc rn t ,  m.tlrrrrted b y  thrmrhAng a  k q  sanpl+ of p8nicl.r (1904 and 
1983). Days t o  f lower w + r  recordad am the number at dry. frm 
emergarsco t o  when > 30 parcent o f  p l an t s  i n  a  p l o t  had t ~ l r r ~ e d  
r t i g m r r .  P l an t  herght war nrmasurrrd from the  s o i l  t o  the t r p  o f  
pr imary pan c i e  on 5-10 r&ndom p lan t s  per p l o t .  T h o  number of 
panrcl@a no', indivrdu.l seed ndss, dnd number o f  ae.6. panic le- '  
were e s t i m a t e d  r t  e a c h  l o ~ a t r o c r  r n  1907. Semd mars  was 
determinmd by weighing 300 8e8da from two repl ic .bs o f  each 
e ~ p e r l r n t .  Number o f  seedm pan i c l a - I  was calcu1.t.d by d i v l d i n  
seed mas. panic le- '  by  l nd l v rdu8 l  reed m8.S. Seed 1.88s p8n l c l e  -P 
w4a p m i c l e  mas. p l o t - '  m u l t i p l i e d  b y  t h r e s h i n g  pe rcen t  hnd 
*d i v ided  by  the number o f  phnrcles p lo t - ' .  
Ths t r i a l s  r t  H i s a r  and P l t r n c h e r u  r n  1902 t o  1 9 B ~  were 
r r r n f ed .  The 1987 t r r a l  a t  Hksar w ~ s  l r r i q r t o d  four tirres dur ing  
the growing season duc t o  l r c k  of r a m .  Bh8van~r rgar  r r  located 
i n  8 na tu ra l  rainshadow and t r r c r l s  a t  th is  l oca t i on  rmce~vad 
f l ood  t r r i q a t i m  once every 7-14 days. 
Tk+  r o i l s  a t  Hkarr w r r +  e n t r s o l r  w ~ t h  130-200- a v r r l a b i e  
u l s te r -ho ld ing  c a p r c r t y  ( A W I H C ) .  There were a l f i s o l s  a t  b o t h  
Bhrv rn i r r rga r  (BOmm 44WHC) r n d  a t  Pa t rncheru  (60-100 CIWHC). 
F e r t r l l z e r  appl&cat rons o f  40kg ha-' N and 40kp P20) were made 
p r i o r  t o  p l a n t i n g  and an add i t rona l  40kg ha-' N were topdreased 
2-3 weeks a f t e r  plantang. 
The y i e l d  p o t e n t i a l  o f  t h e  C o  8nd l a t e s t  s e l e c t a d  
popul a t r o n n  o f  f l v e  pe&r  l m 1 1  l e t  composr t a r  under t e r m i n a l  
drought s t r ess  war rrvaluatad a t  Patancheru rn the d r y  seasen 
(January t o  H r r c h )  a f  1987. There war .  two t r ea tmen ts ,  a  
con t ro l ,  which had u n ~ n t s r r u p t e d  r t r rga tAon untr l  11 days before 
harvest ,  rnd  a  termknal drought t r a r t m m t  which war created by  
stopping i r r l q r t r o n  rt 47 d rys  a f t e r  emarqdnce (DAE).  I r r r g a t r m o  
of r p p r o n ~ m r t e l y  30mm were appl ied through the furrown w ~ t h  a 
f requency o f  once every  14 d r y s  i n  bath  t rea tments .  The 
frequrncy wro rncrersrrd t o  10 dry  i n t e r v a l s  a f t r r  45 DAE i n  the 
f u l l y  i r r i g a t e d  con t ro l .  Both t re8 tmmts  had four r e p l i c a t e s  
w i t h  p l o t s  o f  f o u r  r ows  o f  4 m  l e n g t h  i n d  O . 6 m  w i d t h .  
C m r t i l r z r t i o n  was thr same r s  rn the r a m y  season e x ~ ~ r ~ m e n t s .  
Pan ic l s  y i e l d  was measured on 1 1  four rows par p l o t  and the 
s in t i re  samp111 was threshed t o  detilllrmine g r a i n  ykmld. After the 
panic1ws w w r m  r8moved t h e  p l o t s  were c u t  a t  ground lave1 t o  
hrrvmst the straw which was dr red  a n  the sun f o r  two d r y s ,  and 
then umighed. Yre ld  o f  biomass was computed by surrunrng pan i c l e  
and 8 t rau  y i ~ l c l s .  T h e  harvest &ndw u48 dwtermlned by d i v i d i n ~  
gra in  y i e l d  by biomrs8 and n u t t l p l y r n g  b y  100. 
FrQquQf'Xy o f  p l a n t s  r u + c ~ p t i b l e  t o  downy m13drn in t;hm 
wlected ~ g w l a t i b n n  *.re a8snm.d a t  Patanchwru i n  t w o  r e p l i c & t e  
disrasm u s  i n  the r r f l l y  sw+rmw (June ta September') of 
1-2 m d  1 v d .  I n fec to r  rows and d4S l y mint i r r i~r t iarr@+*wc)r.  
urwd ta create an o p t i a r l  m v l r o n m ~ t  t a r  in f@ct tor t  ( W i A l A r m 8  m d  
Singh, 19804 d r e w  t 4 .  19813). The nwlecte~d p a p u l r t i  
m, I V C ,  EC, and W L C  were mown between the In fec to r  r o  3 y i  
p l o t s  o f  4m length w i t h  tour rows i n  1902 ( rbout  130 pArntsb &nd 
two rwr I n  1005 (about bO p l 8 n t r ) .  The t o t a l  nurnbwrs o f  pl.ntw 
and in fw t ted  p lan ts  w r r w  counted i n  each p l o t .  
A seedl ing t es t  fo r  ~ l u ~ c e p t L b i l i t y  t o  downy mlldwn rt the 
m a t  rurccrrptiblr growth wt&qe of pearl  mLI1wt (ICRISClf,  1989) w l r l i  
used t o  e v r l u r t e  r l l  popu la t ims  der ived fram the tour composites 
up t o  1900. Appronimrtely 70 seedlings o f  each entry were grown 
i n  each o f  three pots i n  March of  1989. T h  sw d l i ngs  were spray 
inocu l r ted  - I  t h  a sporanglal ru.p*n.lon ( l d m l w f  1 of  A P.tanch.ru 
i s o l a t e  of  downy mildww a t  t h e  co leop t i l e  t o  one-leaf strgm. The 
inoculated p lant *  were Incubated rt  20% and > 93% humidity l o r  
$6 hour8 and then returnmd t o  the glr l l rhour8, The number of 
p lants wwhrbiting symptomc) 01 in fwc t ion  w w r w  ~0unt.d 14  dryf i  
a t t r r  inocu la t ion .  The pats wwrm rrndomirrd i n  complete blockm 
bwtore rnocu l r t  ion and of ton r rd r  f n  r complwtwly r rndoa i  zed 
desrgn. 
S t a t i s t i c a l  W a l y s i s  
Analyses o f  v r r i r n c e  rmonq tha l l 8 1 8 c t ~ d  p r r r l  m i l l e t  
populat ions tested i n  1982, 1984, and 1983 were conducted w i th in  
each conpositw t o  rssess the e f f e c t  o f  r e l a c t i o n  on q r ~ i n  y i e l d  
and rgronomic t r a i t s .  Data wure pooled ovwr yearn rnd locat ions  
and anslyzed w i t h i n  and acrosm loce t lon r  using a r8ndomited 
coaplatte block design. Er ror  vr r iancas d i d  not  d i f f e r  by more 
than # f a c t o r  a f  5 across  w ~ p r r i m e n t s .  Linear' 4nd q u r d r r t i c  
contrasts  t o r  cyc le of  se lec t ion  were computed t o  describr, the 
pat te rn  of t r r r t  changes aver cycler.  morn rqurrea from thwsm 
c o n t r r r t s  were tested 8galnat the entry by yecr i n te rac t i on  moan 
i qua r r  when i t  wds l r r g e r  ttmn the pooled e r ro r  t w r m ,  mince ymarm 
were considered random where&% l o c r t i o n r  were f i r ed .  V r r i rnce  
a t t r i b u t e d  t o  entry  b y  y 8 r r  and entry  b y  locat ion  i n t e r a c t i o n r  
were p r r t i t i o n a d  i n t o  l i nea r  ( c y c l r )  rnd  rmridual  companentr. 
L inear regressions o f  y i e l d  and of  aqronomic t r a i t s  on the 
cyc le  o f  s e l e c t i o n  were cornputad. The i r  s i g n i  f  f crncw wrs 
determined from the! l i n e r ?  ( c y ~ l e l  contr4Sts. The Gwnmra! Linear 
Model procedure of SAS ( 1905 )  was used for both the anu1yr.r o f  
variance 8nd rcgressaon. 
V l r i r n c e  among the C, m d  l r t r s t  selected populat ion% of  the 
f i v e  ccrmpositse tarstad i n  tb 3987 ra iny  season wrs described by 
an+lyaer wl th in  and across 1ocat~ons using r randomiard black 
design. LSD5 were cmputed uckng the pooEsd e r ro r  mean 8quare to  
compare t h e  to and l a t e s t  se lec ted  popu la t i ons  w i t h i n  each 
campasite. 
Data on the incidence of  downy mildaw ( D M % )  from thw 19e2 
and 1905 downy mildew nurrer t+s as wel l  as the 1909 sewdling teat 
w o r m  trenstorncrd t o  ( D H X  + 0.3) O e 3  p r l w  to u r a l y s i a  t ~ o r r  and 
4-4). 
To detcrrnjlne i t  rp .c i tSc  drouqht to lumce  contr ikr t8r to 
y i e l d  d i9 fermcms under drarqht r drought resgorru &Wen (mI) 
war used (b id inger  rt 81..  SW2; bindinqer  et r l . ,  1987). This 
index, 
5. computwd f o r  th. i t h  genotype &m th. dl t tc l r rwce b. i twn it. 
observed y i e l d  under rtreas (Ysil and i t s  predicted yimld under 
mtr8as (Vai) ~ n d  axpresmad 1s a r a t m  over th. a t m d u d  -or ot 
Y 8  (SEy  ) .  Yai i a  wat ia@tcd from the yimld (Vet) m d  drys  t o  
bloom ( c o f  t h e  i t h  g e n o t ~ p e  under r r r ~ g a t e d  cond i t%ons  
recording t o the fo l lowrnq equatronr 
where t h w  i n t e r cep t  ( a )  and regressron co r f f&c r8n t8  (b and b2) 
are er t im4ted by m u l t i p l e  regressions 01 y iw ld  and b t oom date 
under i f r i g a t r a n  o f  a l l  genotyfms under t e s t  m t o  the r r  mom 
y i e l d s  under s t ress.  The eristecrce of  s p a c i f i c  r c l i r t a n c o  t o  
drought r a  conrrdered t o  be ind ica ted  by D R I ,  > 1.3. 
Gra in y imld  and agrmcmic t r r i t s  
Four t o  f i v e  cyc les o f  recur ren t  se lec t ron  rncr+rsed g ra l n  
y ie ld.  b y  7 2 8 8 ,  8 3 8 8 ,  9 4 8 8  and 23"s k g  ha-' c yc l e - '  ( l & n e a r  
responrn) r n  the MC, I V C ,  EC, and NELC pear l  m i l l e t  composites, 
respwrtivl, ly, avrrrrgwd over three years a t  three loca tmna Ln 
I n d i a  (Table 3 ) .  This i s  a range a t  0.9-4.9% rncreare par cycle.  
The la rges t  rncreasar of  g rarn  y re l d  occurred An the f i r s t  cyc le  
o f  a e l ~ c t i o n ,  i n  which 75X o f  the t o t a l  y r r l d  increa88 p r e d ~ c t e d  
by l inmar rwgrcrsrone over a l l  cycles was obtarned r n  PIC and IVC,  
and 43% An EC. Only the EC populat ions, however, had n r g n i f ~ c a n t  
qu4drat ic  response o f  g r a i n  yield across cycles of  se lect ion.  
Number o f  days t o  f lower and p l r n t  he ight  o f  the popul&tronr 
selected i n  EC exh ibr ted  s ~ q n r f r c r n t  cu r v i l r nea r  increases over 
cyc les at wrlwct ion.  Se lec t ion  An I V C  and MC, however, resu l ted  
i n  s r ~ n i f i c r n t  l i n e a r  decrmasee of  days t o  f lower m d  decreased 
o r  unchanged p l r n t  he igh t .  
The I r n e r r  increases of g ra i n  y i e l d  over cyc les o f  n e l a c t ~ a n  
i n  HC rnd I V C  d i d  no t  d i f f e r  (P>0.05) between the three t e s t  
loca t ions  i n  P+ninsular Ind ia .  Selected papulatrarrs der lved f ro@ 
EC, however, had l r nea r  y r e l d  garns tha t  r n t e r r c t ed  s t rong ly  wr th 
Location (P<O.Ol), w i t h  Iargct q r rns  hnh ib i ted  a t  Hrsar but  none 
a t  Patanrhwru (Table 4 ) .  Y ie lds  o f  EC populat ions a t  Prtancheru, 
however, r n h i  i t e d  a quadrat ic  response (P(Q.01) w r t h  m i nc rsas  
-P ot 214 kg hr r b ~ t w m m  Co t o  C2 m d  r decrease of  253 kg ha - r 
L5 from C2 t o  C4. 
The l i n e a r  c h # n ~ e s  o f  days t o  bloom &nd p lan t  he ight  8howeb 
almost no i n t e r a c t i o n  w i t h  l o c r t i m s  or ymarr of test ing.  Only 
thr l i n e a r  increase of days t o  bloom i n  .rl@cted papulrtions of 
EC s h a d  i n te rac t ion  w i t h  tha year o t  twmting (P<O.OI), Qavlnq 
Uh+w chanq(118 of 1 .1488,  018988 and o l ? ) l l l  day8 C Y C ~ -  in  
1-3, 1984, m d  1982, rwmpwctlurly. 
Thu N(17 a v a l u a t i o n  o l  t h o  C, and i4te.t  ae1ect.d 
popu ta t i onu  o f  f i v e  c o r p o a i t e a  again ahowwd th8t r e c u ~ ~ e n t  
selwctiorr had incrorued gra i r ,  d m ,  w i t h  IFIC~WSI~I) 09  1.788 
iK), O.7nrr i IVC),  b . 9 1 8  (NELC), 1B.3*8 (glPC1, rnd 3*488 (02C) 
mrcmt cyclool *h.n a v e r q p d  ovwr thrwe loc4tlonm fTable 3 ) .  
fheu rcatr8 of ~ a i n  cmprre f 8 ~ 0 m b l y  w i t h  tho88 obmarvrd i n  the 
f i r a t  4 t o  3 cyck08 i n  tlC and but no t  i n  I V C  ( f rb l .  3 ) .  T h ,  
y imld incroa#es 8 h m  by )*: and IVC ;electad popu la t lmm *.re 
u i g n i f i c r n t  (P<O.OS) a t  411 throw l o c r t l m + .  Y i e l d  incrw4mem i n  
WLC and D2C wore mmal l o r  a t  H I sa r  (2,6ns r n d  1.4nrr percant 
crcl@-' ,  r e m p e c t i v e l y )  th.n t h m i r  y i e l d  g.ins a v e r 4 ~ 8 d  a v e r  
P a t a n c y r u  &nd Bhavanisaqar (1 1 . 1 8 8  f o r  *LC und 4 . 4 @  percent 
cycle- f o r  D2Cl. T h w  a e l o c t o d  p o p u l a t i o n  o f  I V C ,  however, 
8shibit.d no y i o l d  advantage a t  rny l o c r t t m .  
The y i 8 l d  g a i n s  i n  t h o  cornpositam temtod i n  19@7 were 
rchrevwd wrthout incrdrasing the  dry8 t o  bloom. flwrauremrnta of 
th. th rve  y i e l d  components, i o .  i n d l  &dual mmmd mass, 8ewd number 
and p a n i c l o  ounbor n-', d i d  n o t  rmvor1 any on. 
component t o  bo r a s p o n s i b l ~  t o r  tho y i e l d  q r l n r  obswrved (Tabla 
3 ) .  Severr l  of the rw loc ted  papul4trona exhibitmd n o n 8 i g n i t i c m t  
( P > 0 . 0 3 )  r n c r e r r o r  o f  swcd m r 8 r  r n d  r two p ~ p u 1 4 t i o n 8  had 
r r g n i f i c a n t l y  ( P < 0 . 0 9 )  incrmaaed mood number and/or  panicle 
numbor r e l i t r v e  t o  t h e i r  Co populatianm, 
Por to runcw i n  terminal  drought 
Bern g r r r n  y ~ m l d r  were much lowmr i n  thm p16ntLng wi thout  
post - f lower inq r r r r g r t i o n  ar cornparod t o  the  i r r i g a t e d  con t ro l ,  
showing t h r t  consldarabl. drought s t ress  war crmatod (Tablo 61. 
G r r l n  y ~ e l d s  under terminaf drought were hlgh8r i n  tho f r t e s t  
% e l e c t e d  p o p u l r t  l o n r  a r  compared t a  t h e i r  r o m p 8 c t i v w  C, 
popul r t rons.  The nagni tudrr  of  y imld i n c r e r r 8  ranged f ram 9 0 ~ 1  
t o  3!50$8 kg ha-' i n  the f i v o  composit8s mtudied. hssoci.tod wi th  
these y i e l d  ancro@s8s were i nc ro8 re r  o f  h r r v r s t  index thr t  r rnged 
from 3ns t o  9%8 percentage m i n t s .  The t o t r l  biomass producod by 
the l i t a s t  selectad popu l r t l on r ,  however, wra no t  s i g n i f i c a n t l y  
rncreassd over t h r t  a f  the i r  C, popu l r t i on r  (P>0,05). 
D o m y  mild- +urceptibility 
The rncrdence of  downy mildow war qenard l ly  below 3% I n  the 
se1ected populat ions, both when tsmted under f im ld  condi t i o n r  
(Tdble 7 )  rnd when inocu la ted  as r r w d l ~ n g s  i n  thw qlrsshaul i8 
( T a b l e  0 ) .  The l e v e l  o f  r u s c r p t i b 1 , l r t y  o f  t h8  r 8 1 8 c t e d  
populat ions d i d  no t  ganefa l ly  drffer from the Ca popu l r t ions .  I n  
two rns tanceo whr re  germplasm f rom saurcem o t h e r  than  the 
previous c y c l e  was rntroduced, h O ~ t r 8 f ,  intldenc. o f  downy mildmu 
was s i g n i f i c a n t l y  incrarrmd (P(0.03). 
Discusslor, 
Tm ranp. o f  i i n  &r increase i n  gr.in y r e l d  c y c l e - l  were 
from 0.2-29.89Y cyclaaf when 411 d&ta are consid.rod. Hou~vwr, 
these extreme valuss occur w h e n  thwre i s  m 8 t h . r  o n l y  on8 l o c r t f o n  
conrrdrrcrd across years, or there  rs only an+ y r w  M e  loc&tion 
d r t b  ( T ~ b l n  91. 1t  ww conmider ttm percwnt gr in  i n  g r a i n  y i e l d  
across loc.tionm the range 1. tram 1.3 t o  4.92 c7c1+-l, e ~ c l u d i n g  
SRC (Table 9 ) .  f h f r  rang8 o f  qa i n  per cyc le  Is r a t i s f @ c t o r y ,  &nd 
camprrrr t&vorably w i t h  rrrrults repor ted in the l i t e r r t o r e  tor 
mass s e l e c t i o n  I n  mr i ze ,  b u t  i s  about the .+me o r  lams t h a n  
r + * u l t n  repor ted f a r  progeny se lec t ran  i n  maize ( H b L l ~ u e r  &nd 
Mirand&, 19811. tho g r i n  i n  the Smut R e r t r t a n t  Cornpasite o f  
21.4% cycle-' &cross f i v e  @nv i r onsmts  1. high, but  the Co cyc le  
bf  t h l ~  eompasxt@ rn  the lawwrt y l e l d i n q  of the camporit4 in the 
t r i r l s  i n d i c r t i n g  t h r t  t he  rcopm t o r  improvement is greater .  As 
t h i s  g r i n  i w  ovsr only  the f i r s t  three cyc le r  o t  se lec t ion ,  i t  is 
r a t e  t o  rssume t h r t  t h i s  popu la t ion  f n l t i r l l y  h rd  r loc* mean but 
r very h i gh  genet ic v r r i r n c e  f o r  y i e l d .  
I n  the  four composite8 s tud ied  i n  most d e t a i l  fuur t o  f i v e  
cyc les af recur ren t  s@lwct ron fncrebmed g r r i n  y i e l d  by 23ns-9488 
kg h b - l  (0.9-4.92) over th ree  years and three l oc& t i ons  (Table 
5 ) .  Thw l r rgcr r t  rncra8ser o f  g r rLn  y i e l d  occurrrrd i n  the f i r s t  
cyc le  o f  se l@ct ion ,  i r r  HC and I V C  and E c .  Howaver, on ly  r n  EC 
w@s thmrr a quadratrc response of  g r a i n  y i s l d  r c r o s r  Cyclas. When 
t h i n  evidence, r l anq  w i t h  the h i gh  94in8 mad. i n  the three cyc les 
of s.lr,ction i n  Sf?C a cron8idsrwd we conclude t h a t  b e t t e r  
proqrecr can be expected I n  newly c r rb ted  comporitcrr, However, 
the lsck of response i n  NELC ~ n d r c r t a s  th+t new cammr i tes  m u s t  
hrvm suf11ciont  genet ic v s r ~ a b l l i t y .  O f  t he  four composrtaa 
"s tud ied  ac ross  t h r e e  y e a r s  and t h r e e  l d c r t l o n r  NELC had thw 
.ma1 l e s t  numb.*. o f  parents, a1 I der ived from ex r%t  i ng  corndositas, 
r nd  u n l i k e  I V C  R O  new mate r ia l  war introduced i n t o  the composrte. 
When responrer are conr ldered a t  s p e c i f i c  r i t e s  across y e r r r  
tha r 8 a u l t r  i nd i ca te  that  genet ic  g ~ i n r  have been achieved across 
r broad peagraphic range i n  I V C ,  RC and EC (Tabla 41. Patancharu 
i n  south-central  Indra has bean the most f r equ rn t l y  ul+d l o ca t i on  
f o r  ra iny  reason y ~ e l d  t r i a l s  (Tabla 1 )  and has  b l so  bean used 
fo r  r r c o m b i n r t ~ o n  and product ion of progenies i n  the d r y  season. 
Since temperatures a r s  l o w r  and drought s t r ess  I r s s  f requent rt 
Pat rnch t ru  than i n  the  m&rn m i l l e t  growing regions i n  nor thern  
Ind ia ,  the  breeding r t r a t e g y  o f  r e l y i n g  4 Pr t rncheru  may no t  h rvs  
l e d  t o  g e n e t i c  g r i n s  r n  t he  moot i m p o r t a n t  m i l l e t  g row ing  
reg ions .  fhrs g r s a t s e t  i n c r e a s e s  i n  yield occur red  a t  H i r & r  
(Table 4 1 ,  the t e s t i n g  s i t e  most raprercmta t ive  of major m i l l a t  
r q i o n .  a re  there fo re  most ancourrginq. We conclude t h a t  year t o  
year rnd  reason t o  searon anvrronmantr 1 v a r i a t i o n  i n  Patrncharu, 
and t h e  progeny e v r  l u a t  l o n s  ou t r r i de  o f  P r t r n c h a r u  h6rc been 
s u f f i c i e n t  t o  r c h i r v e  g r i n s  across r broad env~ronmemtr l  range. 
To raduca dependence o f  Patrncheru rnd  the r i s k  o f  s e l e c t i n g  
for s p e c i f i c  adaptat ion t o  i t s  env i ronmwt  progenies r ncrw 
p r o d u c d  i n  nor thern  Ind ia .  We a l so  have r e s t r i c t e d  se l ec t i on  i n  
the oft-season to t r a i t s  wh ich  have l i t t l e  season w reason 
I n t e r r c t i a n  such as downy mildew screening and smut screening 
under a r t i f i c i a l l y  c o n t r o l l e d  condition., o r  i n  t h e  case o f  
l i e lec t i on  t o r  f lower ing the environment $1, mrn ipu l r ted  t o  mimic 
n o r t h e r n  I n d i a n  c o n d i t i o n s  b y  l a t e  p l a n t k n g  rn H r r c h  and 
a r t i f i c i a l l y  e ~ t e n d r n g  the dry length.  
However, i n  the EC y i e l d  ga ins  over cyc les  d id  s i g n i f i c a n t l y  
i n te rac t  w i t h  environmmt. Th is  may be due t o  th. i n c r b & ~ e s  i n  
g r d i n  y r a l d  bring r,+ocrrtwd ~ 4 t h  &n lncrerae an growth dur&tfm 
rn  t h r s  composite, shncr,  ~ r t  ra only i n  € C  t h r t  thwr'r, wrs rr 
s i g n i f i c a n t  bntcfaetIron w r t h  days t o  blaom m d  yrrra of temtin~,  
tn the corrparrrtrrr o t h r r  thin KC yiw1d q l r n n  hrv l r  been Qld, 
without changing p h ~ n o l q y ,  the frrlur+ ta improvw yfrald i n  gC 
without ancrars lng crop d u r r t l o n  nrrns thdt  i t  i# lemr rdapted to  
r rg rsns  prone t o  end o f  acbaam draught*. I t .  rhauld be p a r r i b l e  
t o  Increase y l a l d  sn m h r l y  maturing m r t e r r a l  am ha% bwn danr An 
ather  ccrf f+ ls (0e Leon bnd Pandry, 1PUV). f h l r  rmsult rndJcrtrm 
the n e r d  b n  s h o r t  d u r b t & o n  mat@rt&l a t  .MUrtlng r #elrctlon 
pressure for .ariinmw mtorm s*lwtznb tor  y ~ e l d ,  
tho Increased yrw ld  o f  ~ b 1 1 ~ t ~ d  p11)orl millet popu l r t~o rn r  
bpptars to ber d u ~  t o  the very l r r gw  i n c r a r r r s  i n  production af 
bionbbl under ap t  i m r l  moistwr*, &rid thw ~ncrwrwed wff lcscrncy  o f  
d r y  mattar (m r t r t r on i ny ,  p a r t r r w l 4 r l y  under termin41 drought 
t Tlrble 6). Edmcrdrs & 1909 rrapor t thht in both whert (rnd 
m s l z a  ~mprorrrm@nt ~h y i e l d  i n  droughted @nv~ranm@nt% i n  due to 
rmpraved bkamars pa r t r t r on l ng .  Mowever, srw cyc le r  o f  r a l e c t l o n  
I n  mu lz r ,  rn n o n - d r o u ~ h t e d  r rnv r ronmnn ts  d i d  n o t  i m p r o v e  
pprfarmdtnre undhr draught, progrwss wub only mrd@ when tharw wnu 
c ~ r l d c t r a n  to  drou~htdd ~nvironmrrnt8.  f hma  rrr~uItr new¶ t o  b@ 
conf l rmcd w ~ t h  a d d i t r o n r i  tc ra t lng,  however, c~rncr) t h e y  were 
obtarnad I n  s t i i n q l r  year i n  the oflmaanor~. 
The h rgh t r  y r s l d r  under terminal  draught of our 88lccted 
popu l i~ t i ons ,  rrlrtiww t o  their  Co populrtrans, could r e t l u r t  1 )  
chsngra .-elsling a ~ l l r c r t ~ c r i l y  t o  draught r s r i a t snce ,  2 )  bltcrrrrd 
phcnoloqy e n d b l l r l g  arsraps u f  d rough t ,  a r  3 )  kncrersad y i e l d  
p o t s n t l a l  per  (Flidlrrgl~r ~ r t  d l . ,  1902 ) .  
(DRI1 values were computcld, crrr drsc r rb rd  in the m s t v r ~ a l s  
and methods, t o r  each o f  tha popuIatiana An Table 6. I h e  OR1 
values w e r e  than 1.3 for  both selected bnd Co populatronr a 1 
Mt:, SRC, and DZC.  G a i n s  for  g r a i n  y i e l d s  under s t r m r  in thmw 
c o n p a s l t e s ,  t h e r e f o r e ,  r r s  durn p r i m r r i l y  t o  Lnc rc r r rad  
productivity per %a?, srnc l l  the t ima !  t o  bluoan rJr8 not changcrd, 
Only t h e  C b  p o p u l a t i o n  o f  ! V C  had 4 ) 1 . 3  ( 1 , 6 3 1 ,  which 
suggests a s l  l g h t  I nc rease  o f  spec I t A C  drought  r ~ r r i c i t & n c @ ,  
However, the earlref' matu r i t y  under termlnnl  draught of  I V C - C b ,  
r e l a t ~ v e  t o  I V C - C g ,  po ln tb  t o  drought escrrpcs bs the r8rcsan f a r  
~ t s  bet te r  than axpcctsd p@rformance undmr draught. 
The sporadic Increase+ o f  downy mild+w e u r c a p t i b l l i t y  r n  tha 
selected popul i l t rons o f  pea r l  mr l lmt show t h w  nrvd o f  r o n t ~ n u r d  
selec: t i o n  pressurw f o r  d i o e r s r  r a r l c t a n c e  I n  a r e c u r r a n t  
se l ec t i on  program. There 1% evidence t h a t  pathagenrczty o f  p e r r l  
m l l l s t  downy m~ ldew populbtrona variers aver sprca ( 0 r l 1  rt r f , ,  
1986) and t i m e r  (S~ngtr  and Singh, 1 9 0 7 ) .  This ruggorrtr the need 
o f  conducting ibcrcenrng w i t h  ~ e o l r t s r  at downy nr1dow obtained 
from the reqlon whrra the populat ion r r  ~n tanded  f o r  us# bnd t o r  
malntaanlng s e ~ l e c t ~ o n  prsrrsura 0. :- years, 
Yield evaluations o f  the se lvc tvd  papulatrona were conducted 
on ewper~rnent s t a t i o n s .  Om-farm t c l r t ~ n g  af thesit popul lr t ions t o  
detcrmlne r f  the y t e i d  I n c r s a r a s  o f  r8Irct.d m r t e r i r l  a re  4180 
expresrsd under environment&l condi t rons sxperianead by typ ic41  
millet p r o d u c e r s  is t h ch re fo re  r d v i s a b l c r ,  f i l s o ,  f u r t h a r  
evaluation o f  the rslectsd populat ions under natural drought 
condrtaons 1s needed to  conf i rm t h a t  incrc~%e?s r n  y i e l d  potent i61 
& r e  e n p r e ~ s e d  under d rough t ,  s ~ n c v  o n l y  r s i n g l e  test under 
terminal  Qrsuqht t n  thll aftmseasan wds c a n d u c t d  rn t h i c  study. 
AcLnowladqwmt+t Mejor contributions war# mrdo b y  0 . 3 .  h d r r * r s ,  
$.C,  Oupt., Pheru SSngh, K.N. 8 ,  f l .N.V.R. a ,  and A.O.B. Air) 
i n  the crmrt ion,  irnprove*+nt, 4nd t e s t i n g  of thr per,rl millat 
pogu l r t l on r  repor ted  in this rtudy.  
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Trblo 1 .  Recurrent s r l r t l i o n  method$ upled for i ~ p r o r r r g  w i m  
No. Selection Cac*troa oq 
Campas t t F C y r  1. ~ r o g e n ~ '  relrr@db ( 2 )  p r o g w y  tes tsc  
Fled tun C ,  F S 
Saut R t % 1 8 \ * n t  C, S 2 
c 2  S 1 
c 3  S 1 
PH H iJI 
Ptc PL 
PH tl G 





r HS, FSD TC denote half-srb, full-sib, and tes tc ross ,  
r@spectiveLy. 
b Nunber of p r o g c n r t i  selected f r o @  the  p r e v i o u s  cycle, p l u s  any 
liner f r o r  other sources t h a t  were ~ n t r o g r r s s e d  d u r i n g  
raconbinrtion. 
c pH, PL, W ,  0, G g  S ,  85, denote  Pat rncht ru  H~gh-fertility, and 
low-f+r t i l i t y  ( 1 7 ~ ~ 1 ,  H ~ s a r  ( 2 9 ' ~ ) ,  Bhrvrniorprr ( l t o ~ ) ,  
Ludhirna ( 3 1 ' ~ ) ~  and Guntur ( 1 6 ~ ~ 1  i n  India and Samaru Nigeria 
(~z'N), and B ~ a b t y  Senegal ( 1 4 ~ ~ 1 ,  ?etptctivcly. 
- 
Table 2. Ewvirmmntrl dstr md muakr o t  rcpllcrtJmr for waprrimtr 
testing u l e c t d  p o p l r t l a n ~  of ~ r r l  millat tar fmt yerra r t  t h r n  
locrti#rr i n  tndl., 
Msrr 
Plrntrnq drtr 20 Ju1 13 Ju1 8 J u l  19 Jul  
Replrcrtian 5 A 1 1 
~ a ~ n t r l l t u ) '  210 323 349 
0 6  
' 3011) 
Rrr. 1eap.t C )  33 to 40 32 t o  40 32 to 40 29 t o  41 
Rrn. teaV.('~) 18 t o  27 18 to 27 21 to 28 20 to  30 
Patrnchwru 
P l r n t r n q  drtw 29 Jun 4 Jul 1 7  Jun 24 3un I ?  Jrn  20 J4n 
Replrcrtran 3 6 4 4 4 4 
Rltnfrll (ra) 300 410 314 371 ? ( I )  z ( 1 )  
Rrl. teaP.(*~) 28 t o  34 27 t o  32 28 t o  33 29 to 34 29 to 39 29 to 39 
f l i r t .  terp.('~) 22 t o  24 21  t o  2 5  2 2  t o  ZJ 22  to  24 13 t o  23 13 ta 23 
bkrvrn r rrqlr 
Plrnting drtt 8 Jun 13 Jun 0 Jun 30 llry 
Rep1 cr t ion S S J 4 
Rr;ntrll(ar) ?6( I ?9(  1 )  121(1) 119( I )  
Rar.  trap. l a c )  33 to 34 31 to 33 32 to 3 3  34 to 39 
nin. ttap. ( O C )  - 23 t o  2 7  2 4  to  26 23 t o  28 
- - 
I a rlso i r r i q d t w d .  
r Cdlculrtrd rrinfrll d u r i n g  the growinp rtrson. 
lrblr 3. Wmr rnd I l n r r r  r~qre%rfonr on trtlr at r s l e c t i m  tar thrw trrits,  
rurrrga over three l o c r t f w u  rn thrsa y e r r i .  i n  twr pmrl aillet cncptwitrs. 
f lower- Flower- 
Grrtn  i n g  Her ght Grr in  i ng Htlrqht 
Cycle ( ~ N J  h r " )  ( d r y )  (rml Cycle (kg ha") ( d r l )  ( c m )  
LSD 0.05 153 0.4 3 150 0.03 169 6.6  I 1  
b as** -0.6aa - 1 . 4 s  b 23 Q. 3r - 2 . 6 )  
G I I ~  c y c l r g '  4 .0  - 1 . 1  -0.6 G b i n  cycle'1 0 . 9  0.5 - 1  .O 
( %  C,) ( 5  C,) 
1,SI Dtnotar s t g n ~ f r c r n c t  r t  the 0.05 r n d  0.01 Itvtl, rtsgect~vtly. 
r D3tr from 1984 rnd 1985 for grrrn rnd flourr~np and 1985 f o r  htlqht. 

Inter  Vlrietcl 
0 2 . 3 5  33.0 24788 9 . 6 1 t  27 30 9.9  
'4 2 . 6 6  3 5 . 3  11 5 0 , 5 2  2540 11.1, 
Dwrrt 
- --- 
a , # #  d t n o t ~  d r i f r r t n c r r  bctvccn Co rnd C, thrt r r t  s r g n ~ f ~ c r n t  r t 0.05 and 0.01 
levels r e s p l c t ~ v t l y .  
- - - -  -- 
Yrble 6. Trait wmr at Co and C, pp l r t ionr  of t i ~  pmrl oLlI8t cmpm4t.11 
walartd I n  thrr lW7 dry wrlrorr rndrr twrinrl drwqht a d  fully irrllgrtrl 
Twrinrl d r o u ~ h t  rut l y  trrlgdtcrd 
- - - - - - - - - * - - - - - - * * - - - - m * - - * w - w -  ~ ~ - ~ ~ ~ - ~ ~ r . ~ ~ * m m m m - r m ~ . ~ r n a ~ - ~ m * ~  
Grrln lloor $$MIIS HI Grrin 8loor 8lorr9r Ht 
Fopulr t ~ o n  (kg h 4 - l )  ( d r y 1  (kg hr") (kg hrm') (dr)r) Ikg hrmL ( 8 )  
Inter Vdr ir trl 
0 000 648 2800 2 8 2200 59 31 30 43 
C b  1 l SOIt 6 1 31 50 3 7 8 8  314011 60 6930Ll 45  
Smut Rrsirtrnt 
0 4 20 6 6 1960 2 1 1530 6 3 4 130 38 
CJ 7008 6 !, 2450 198 29401 b 6 2 6 7 0 0 8 )  448: 
p -*------*."-m"-----%---- ---- 
* ,% ,8 :  denote d ~ f f s r r n c r s  between Co rnd Cn t h 4 t  4 r@ n ~ ~ n ! l l c b n t  & t  0.10, 0 . 0 3 ,  rnd 
lablw 7 .  t b r n  rncfdancr o f  downy nPldm, r v s r r y d  over tm, 
years ot  f i e l d  tnoting, in pclrjmlatiortr of four marl rillat, 
tompositas, crpressd i n  tcmrforwnd writsa a d  rr 
parcerltrgsa in prrmthmrr) . 
..- 
Compositss 
C y r r l r  o f  L - - - - - - - - - - " - - - * - - * - - - w * " - - - - * * - - - - - - - - - - - - " - m - * -  
selection MC l VC EC NECC 
LSD .OS 1 . 3  1 - 0  1 * 2  1.2 
R e s i r t r n t  check:  WC-C73 1 . 7  ( 2 . 4 )  
----.--- .-".. C ulrmr- -.*--**11----
Table 0 .  Ik&n rncrdrncr of p l m t r  with dorny mild- S O ~ ~ W ~ Q  
sparangirl Inoru\rtian i n  tho ~ 1 r r ~ b ~ s ,  c t p r r r r d  i n  trrnrSorrrd 
units'  and r r  perrmtrgcs f i n  par.nth%rs).  
S u s c e p t i b l e  c h t c k r :  8.l 104 7.6 ( 5 7 . 5 )  
HB 3 9 , 8  196.31 
LSD .05 * 1.4 ( t r r n a f o r a r d  d r t r l  
-. ----.--.- -r*..ll*..,....-rrrxr.uu w*,* W . . --.-I-*- -r "l- l-u- 
# , a 8  denote d l l t t r t n c r a  f r o m  t h e  C, t h ~ t  & r e  ~ l g n l f i c r n t  r t  PCO.05 r n d  
P (0 .01 ,  respect~vely. 
- U n d e r l r n r  ~ n d r c r t r r  srleclrd papulrtkanr i n t o  which outside ratarirl 
u a i  r n t r o g r t % s e 0 .  
r ( p e r c e n t  ~ n f e c t e d  y i d n t s  * 0 . 5 ) .  
1 lw I Ierr 
3 ylr4r W m  . -*---- .-I.-*-----  
3 la<* ----..--.-.-.--------..---- 3 Imrr Trrrirrl f u l l y  
Coogosr tr 3 perrlli a Ph 1 llEa 1 yrrr drarqht rrrlq4tod hul 
Red r urn 3.4 72 9.0 114 3.3 63 2.1 50 4 .7  3.3 3.3  3.8 
f r r  l y  1 . 0  94 3 I07 0.1  3 4.6 91 - - 4.9 
I n  V a l  4 0  B3 3.0 91 4.6 91 3 .3  b 0.7 7.29 7.11 3.1 
h~ Clitr 0.9 75 1 47 0.9 11 0.4 11 6.9 2.8 1.6 1 . 5  
bwt llw~strnt - - - - - - 1ff.f 22.1 29.89 21.4 - 
b a r f  - - . - - - - 3.4 9 .2  8.6 5.7 
The following figures are graphical 
preparations of some of the data 
presented in the tables of this appendix 
PAT br0.011 
tS0.06 HSR 0.20 
PAT 0.28 
Grain Yields of NC Populations 
Averaged Over 3 Years at HSR, PAT, and BSR 




- LSD.05 HSR 0.26 
PAT 0.24 
BSR 0.32 
Cycle of Selection 
a 
